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[57] ABSTRACT 

An apparatus for irradiating an irradiation surface With a 
laser light having a linear or rectangular shape. A homog 
eniZer operates on the principle that variations in the light 
intensity pro?le of an original beam as emitted from a laser 
device are dispersed by passing the original beam through 
tWo multi-cylindrical lenses. The directions of the respective 
multi-cylindrical lenses are set so as not to be parallel With 
the beam movement direction. Thus, an uniformity of 
annealing by irradiating With a laser light is improved. 

12 Claims, 10 Drawing Sheets 
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LASER IRRADIATION APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus to be used 
for an annealing or exposure process including laser light 
irradiation. For example, the invention relates to an appa 
ratus that provides a uniform irradiation effect in a laser 
annealing apparatus in Which irradiation With a large-area 
beam is performed. This type of laser annealing apparatus is 
used for semiconductor manufacturing processes. 

2. Description of the Related Art 
The technique of crystalliZing an amorphous silicon ?lm 

by irradiation With laser light is knoWn. Further, the tech 
nique of irradiating a silicon ?lm that has been damaged by 
implantation of impurity ions to recover its crystallinity and 
to activate implanted impurity ions is also knoWn. They are 
called laser annealing techniques. 

Atypical example of the latter technique is a technique for 
annealing the source and drain regions of a thin-?lm tran 
sistor. In this technique, the source and drain regions are 
annealed by laser light irradiation after implanting impurity 
ions such as phosphorus or boron ions into those regions. 

Such a process With laser light irradiation has a feature 
that a substrate receives almost no thermal damage. 

This feature decreases limitations on materials to be 
processed and provides an advantage in, for instance, form 
ing a semiconductor device on a substrate such a glass 
substrate that is loW in heat resistance. In particular, this 
feature is important in manufacturing an active matrix liquid 
crystal display device Whose application range has expanded 
in recent years. 

In the active matrix liquid crystal display device, it is 
desired to use a glass substrate due to requirements of cost 
reduction and increase in area. 

The glass substrate cannot Withstand a heat treatment at as 
high a temperature as more than 600° C. or even more than 
700° C. The above-mentioned technique of crystalliZing an 
amorphous silicon ?lm or performing annealing after 
implantation of impurity ions by laser light irradiation is 
effective in avoiding this problem. 

In the method of using laser light irradiation, even a glass 
substrate receives almost no thermal damage. As a result, a 
thin-?lm transistor using a crystalline silicon ?lm can be 
formed even With the use of a glass substrate. 

HoWever, in general, laser light as generated from a lasing 
device (hereinafter referred to as “original beam”) is small 
in beam area. Therefore, a common method of processing a 
large subject area is to scan it With laser light, Which 
hoWever has such problems as a long processing time and 
loW uniformity in the effect of process in the subject area. In 
particular, because of a non-uniform light intensity pro?le, 
an ordinary original beam causes very poor uniformity in the 
effect of processing if it is used as it is. 

In vieW of the above, various techniques have been 
proposed Which modify an original beam so as to obtain a 
beam that is as uniform as possible and even a beam that is 
changed in siZe and shape so as to conform to the siZe, shape, 
etc. of a surface or region to be irradiated. The common 
shapes of a resulting beam are a rectangular shape and a 
linear shape. According to these techniques, uniform laser 
annealing can be performed over a large area. 

FIG. 1 shoWs an example of a laser irradiation apparatus 
for modifying an original beam. In FIG. 1, a laser oscillator 
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2 
1 is an excimer laser, for instance. The excimer laser 1 
oscillates to emit laser light by establishing an excited state 
called an excimer state by decomposing a predetermined gas 
by high-frequency discharge. 

For example, the KrF excimer laser produces excited 
states KrF* by high-voltage discharge by using material 
gases of Kr and F. Although this excited state has a life of 
several nanoseconds to several microseconds and hence is 
not stable, corresponding ground states KrF is even less 
stable. An inverted distribution is thereby produced in Which 
the density of excited states is higher than that of ground 
states. This causes stimulated emission and laser light can be 
produced at relatively high efficiency. 

It goes Without saying that the laser oscillator 1 is not 
limited to an excimer laser and may be a pulsed laser or a 
CW laser. In general, the pulsed laser is suitable for the 
purpose of obtaining a high energy density. 
An original beam emitted from the laser oscillator 1 is 

modi?ed into a proper siZe by a concave lens 2 and a convex 
lens 3. FIG. 1 shoWs a case Where the original beam is 
enlarged in the vertical direction. The beam at this stage is 
still called an original beam because its light intensity is 
equivalent to that of the state immediately after the emission 
from the laser oscillator 1. 
The original beam then enters an optical device called a 

homogeniZer, Which includes at least tWo lens devices (each 
called a multi-cylindrical lens, a lenticular lens or a ?yeye 
lens) 4 and 5 each having a large number of cylindrical 
lenses. In general, the multi-cylindrical lenses 4 and 5 are 
disposed orthogonally as shoWn in the insert vieW in FIG. 1. 
The number of multi-cylindrical lenses may be one or 

three or more. Where only one multi-cylindrical lens is 
provided, the non-uniformity of the original beam in one 
direction is dispersed. Where tWo or more multi-cylindrical 
lenses are disposed so as to be orientated in the same 
direction, the same effect as Would be obtained by increasing 
the number of constituent cylindrical lenses can be obtained. 
By causing the original beam to pass through the 

homogeniZer, a highly uniform beams With dispersed energy 
density can be obtained. The principle and the problems of 
the homogeniZer Will be described later. The beam is then 
modi?ed into an intended shape by various kinds of lenses 
6, 7, and 9, changed in direction by a mirror 8, and ?nally 
applied to a sample (see FIG. 1). 

Next, the principle and the problems, Which is to be 
solved by the invention, of the homogeniZer Will be 
described. To avoid complexity, in the folloWing an optical 
discussion Will be given to only one surface. Laser light that 
has passed through a multi-cylindrical lens is as shoWn in 
FIG. 2A. 

In FIG. 2A, L is a multi-cylindrical lens including three 
constituent cylindrical lenses, and a laser light (an original 
beam) entering each cylindrical lens is refracted by it. The 
beams diffuse after being converged at focuses F1—F3. There 
occurs a mixing region Where all of the light beams that have 
passed through the respective cylindrical lenses are mixed 
With each other. 
NoW assume that the original beam has a deviation in its 

light intensity pro?le and hence the beams entering the 
respective cylindrical lenses have different light intensities. 
HoWever, the deviation is dispersed in the mixing region 
because the beams that have passed through the respective 
cylindrical lenses are mixed With each other there. The light 
intensity is thus uniformiZed and a beam having a less varied 
light intensity pro?le can be obtained (see FIG. 2A). 

Incidentally, if attention is paid to the optical paths after 
the passage through the multi-cylindrical lens, it is under 
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stood that the beams are regarded as being emitted from 
point light sources F1—F3 that are arranged at regular inter 
vals. Further, since the original beam is coherent, the beams 
emitted from the respective point light sources also have 
equal phases and hence interfere With each other. That is, 
portions Where the beams cancel out each other (nodes) and 
portions Where the beams intensify each other (antinodes) 
occur depending on the distance X betWeen the irradiation 
surface and the point light sources F1—F3 and the interval 2a 
betWeen the point light sources F1—F3 (see FIG. 2B). 

Contrary to the intended purpose, this means that the 
multi-cylindrical lens introduce a neW version of non 
uniformity to the light intensity pro?le. The positions of 
nodes and antinodes can be determined strictly in a case 
Where the number of point light sources is as small as tWo 
or three. HoWever, in an ordinary homogeniZer the number 
of constituent cylindrical lenses is ?ve or more (typically 10 
to 30), in Which case taking into account all interferences 
among many point light sources is no more than cumber 
some and does not constitute an essential discussion. 
Therefore, a consideration Will be given beloW to interfer 
ence at a typical antinode position. 

Where tWo point light sources exist, an antinode is formed 
at a position that is equally distant from the point light 
source irrespective of the distance X (see FIG. 3A). That is, 
Where point light sources F1 and F_1 exist, a relationship 
F1—A=F_1A holds at point A on an irradiation surface. Irre 
spective of the interval 2a betWeen the point light sources F1 
and F_1 and the distance X, beams coming from the point 
light sources F1 and F_1 have the same phase and hence 
intensify each other. 
A consideration Will noW be given to a case Where an 

additional point light source F_2 eXists (see FIG. 3B). In this 
case, a condition to be satis?ed for beams coming from the 
point light source F_2 and the other point light sources F1 
and F_1 to have the same phase and intensify each other is 
such that an optical path difference F_2A—F_1A be equal to 
an integral multiple n)» of the Wavelength, Which condition 
depends on the parameters a and X. That is, 

should be satis?ed. 
Since a relationship a<<X usually holds, a simple calcu 

lation leads to 

The same discussion applies to a point light source F2 that 
is located at a position that is symmetrical to the position of 
the point light source F_2 With respect to the broken line 
passing through point A. 

NeXt, a consideration Will be given to a case Where 
additional point light sources F2, F3, F4, F3, . . . eXist. In this 
case, as shoWn in FIG. 3C, optical path differences F3—A—F2—A 
and F4A—F3A satisfy 

?-W=2(4a2/x)=2n2t 

?-W=3(4a2/x)=3n2t. 

More generally, as shoWn in FIG. 7A, as for an m-th (as 
counted from point A) point light source Fm and an (m+1)-th 
point light source F an optical path difference Fm+1A— 
FmA satis?es 

Considering the relationship 
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That is, if a light beam coming from the point light source 
F2 has the same phase as a light beam coming from the point 
light source F1, beams coming from the other point light 
sources F3, F4, . . . , Fm, Fm+1, . . . also have the same phase 

and intensify each other (the beams coming from all the 
point light sources have the same phase and intensify each 
other). 
The intensify of a light beam coming from a point light 

source is in inverse proportion to the distance from it. 
HoWever, since the above discussion assumes the relation 
ship a<<X Which means that the distances betWeen point A 
and the respective point light sources are approXimately the 
same, a conclusion is obtained that the beams from all the 
point light sources intensify each other approXimately 
equally. Light intensity I at point A is given by I=Ni, Where 
i is the intensity of a light beam coming from each point light 
source and N is the number of point light sources. 
A consideration Will noW be given to a condition to be 

satis?ed for a light beam coming from the point light source 
F_2 to cancel out, at point A, a light beam coming from the 
point light source F_1. This occurs When those beams have 
an optical path difference that is equal to the half Wavelength 
multiplied by an odd integer. That is, 

should be satis?ed (see FIG. 4A). 
When this condition is satis?ed, beams coming from the 

point light sources F1 and F_1 are canceled out by an 
opposite-phase light beam coming from the point light 
source F_2 and light intensity I at point A is given by 
I=2i—i=i. 
Where another point light source F2 eXists as shoWn in 

FIG. 4B, since a light beam coming from the point light 
source F2 also has a phase opposite to that of a light beam 
coming from the point light source F1, the light intensity at 
point A becomes 0. 

NeXt, a consideration Will be given to point light sources 
F3 and F4. As shoWn in FIG. 4C, optical path differences 
F3—A—F2—A and F4—A—F3—A satisfy 

That is, a light beam coming from the point light source 
F3 has the same phase as a light beam coming from the point 
light source F2 (i.e., it has a phase opposite to that of a light 
beam coming from the point light source F1), and a light 
beam coming from the point light source F4 has a phase 
opposite to that of a light beam coming from the point light 
source F3 (i.e., it has the same phase as the light beam 
coming from the point light source F1) (see FIG. 4C). 
More generally, as for an m-th (as counted from point A) 

point light source Fm and an (m+1)-th point light source 
Fm+1, an optical path difference Fm+1A—FmA satis?es 

NoW, a consideration Will be given to the phases of beams 
coming from point light sources Fm With respect to the phase 
of the light beam coming from the point light source F1. 
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Summing up the above equations, We obtain 

(left side)=?-W 

(right side)={m(m—1)}(n+1/2)7\+2. 

Where m=4, 5, 8, 9, . . . , 4k, 4k+1, . . . , the optical path 

difference FmA—F1—A is calculated as 

Therefore, a light beam coming from the point light 
source Fm has the same phase as that coming from the point 
light source F1. In the other cases, the light beam coming 
from the point light source Fm has a phase opposite to that 
of the light beam coming from the point light source F1. 

Although the phase relationship is complex as described 
above, the light intensity I at point A varies betWeen 0 and 
2i and is anyWay suf?ciently smaller than that in the case of 
FIGS. 3A—3C. 

Discussions similar to the above can be made With respect 
to point B that is the foot of the perpendicular from each 
point light source to the irradiation surface. Point B is a point 
closest to a certain point light source F0 in the irradiation 
surface. Consider a case Where additional point light sources 
F1 and F_1 exist adjacent to the point light source F0. In this 
case, a relationship 

naturally holds, Which means beams coming from the point 
light sources F1 and F_1 intensify each other irrespective of 
a, X, and 7». 

If F1—B—FO—B=II)\,, a light beam coming from the point light 
source FO also has the same phase as that coming from the 
point light source F1 at point B and hence the light intensity 
I at point B is given by I=3i. In this case, a relationship 
2a2/x=n)t holds (see FIG. 5A). 
On the other hand, if F1—B—FO—B=(I1+1/2))\,, the light beam 

coming from the point light source FO has a phase opposite 
to that of the light beam coming from the point light source 
F1 at point B and hence the light beams offset each other so 
that the light intensity I at point B is given by I=i. In this 
case, a relationship 2212/X=(Il+1/2))\, holds (see FIG. 6A). 

Next, a consideration Will be given to a case Where 
additional point light sources F2, F_2, F3, F_3, . . . exist. 
Where the condition of FIG. 5A is satis?ed, relationships 

?—F1—B=3(2z/z2/x)=3nk 

?—w=5(2a2/x)=5nk 

hold (see FIG. 5B). 
More generally, as shoWn in FIG. 7B, as for an m-th (as 

counted from point B) point light source Fm and an (m+1)-th 
point light source Fm+1, an optical path difference Fm+1B— 
FmB satis?es 
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That is, if the light beam coming from the point light 

source F1 has the same phase as that coming from the point 
light source F0, beams coming from the point light sources 
F2, F3, . . . , Fm, Fm+1, . . . also have the same phase and 

intensify each other (the beams coming from all the point 
light sources have the same phase and intensify each other). 
The light intensity I at point B is given by I=Ni, Where N is 
the number of point light sources. 
On the other hand, Where the condition of FIG. 6A is 

satis?ed, relationships 

hold (see FIG. 6B). That is, a light beam coming from the 
point light source F2 has a phase opposite to that of a light 
beam coming from the point light source F1 (the former has 
the same phase as a light beam coming from the point light 
source F0). A light beam coming from the point light source 
F3 has a phase opposite to that of the light beam coming 
from the point light source F2 (the former has the same phase 
as a light beam coming from the point light source F1). 
More generally, the folloWing relationships hold: 

Summing up the above equations, We obtain 

(left sideF?-? 

(right side)={m(m+2)}(n+1/2)7\. 

That is, Where m is an odd number (2k), the optical path 
difference FmB—FO—B is calculated as 

Therefore, a light beam coming from the point light 
source Fm has the same phase as that coming from the point 
light source F0. In the other cases, the light beam coming 
from the point light source Fm has a phase opposite to that 
of the light beam coming from the point light source F0. 

Although the phase relationship is complex as described 
above, the light intensity I at point B varies betWeen 0 and 
2i and is anyWay suf?ciently smaller than in the case of 
FIGS. 5A and 5B. 

In the above examples, the interference conditions, at 
each of the peculiar points A and B, of beams coming from 
a plurality of point light sources Were determined. The 
number of points equivalent to points A and B is approxi 
mately equal to the number of point light sources (i.e., the 
number of constituent cylindrical lenses). At points A and B, 
the light intensity is very high or close to 0 depending on the 
values of a, x, and )t. 

For example, if a=1 mm, x=1 m=103 mm, and >\,=0.25 
?II1=0.25><10_3 mm, the light intensity at point A corre 
sponds to the case of FIGS. 3A—3C (beams intensify each 
other) When x=970 mm, corresponds to the case of FIGS. 
4A—4C (beams cancel out each other) When x=985 mm, 
again corresponds to the case of FIGS. 3A—3C When x=1, 
000 mm, and so forth. The interference states drastically 
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vary every time the distance X betWeen the multi-cylindrical 
lens to the irradiation surface is changed by 15 mm. 
At point B, the intensity varies at a cycle that is a half of 

the above cycle (7.5 mm) 
Satisfying the condition of FIGS. 5A and 5B, i.e., 2a2/x= 

n)», means that the condition of FIGS. 3A—3C is also 
satis?ed; both of points A and B are antinodes. HoWever, the 
condition of FIGS. 5A and 5B is not alWays satis?ed even 
if the condition of FIGS. 3A—3C is satis?ed. 

Similarly, satisfying the condition of FIGS. 6A and 6B, 
i.e., 2212/X=(Il+1/2))\,, is equivalent to satisfying the condition 
of FIGS. 4A—4C; points A and B become an antinode and a 
node, respectively. HoWever, the condition of FIGS. 6A and 
6B is not alWays satis?ed even if the condition of FIGS. 
4A—4C is satis?ed. 

In this manner, each of pointsA and B becomes a node in 
some case and an antinode in another case. NoW assume a 

case Where a certain condition is satis?ed and antinodes 
appear on an irradiation surface. Where multi-cylindrical 
lenses are arranged orthogonally as in the case of FIG. 1, 
beams intensify each other at portions Where antinodes 
intersect each other and dot-like antinodes (i.e., portions of 
high light intensity) thereby appear in a regular manner as 
shoWn in FIG. 8A. 

The expanse of each of the above dot-like antinodes 
varies depending on the condition satis?ed, and in a certain 
situation part or all of the above dot-like antinodes may turn 
to nodes. 

If beams are modi?ed into linear shapes, that is, if they are 
compressed (reduced) in a beam movement direction 
(scanning direction) and expanded in the direction perpen 
dicular to the beam movement direction, a light intensity 
pro?le as shoWn in FIG. 8B appears in Which the light 
intensity is unduly high at the antinodes and close to 0 at the 
nodes. Defects are prone to occur at the portions of these tWo 
types When the irradiated sample is subjected to annealing. 
In particular, the problem is serious if variations in light 
intensity are steep. 
TWo problems arise When laser annealing is performed by 

using beams as described above. The ?rst problem is non 
uniformity caused by overlap of beam spots. This is because 
in applying laser light While moving it the next beam (beam 
spot-2 in FIG. 8C) is applied so as to overlap With a ?rst 
beam (beam spot-1). Practically it is impossible to perform 
irradiation Without causing overlap of beams. HoWever, it is 
possible to suf?ciently reduce the in?uences of the overlap 
by optimiZing the energy density and the number of pulses 
applied. 
On the other hand, the problem of non-uniformity of a 

beam that is caused through interference according to the 
above-described principle is more serious. As shoWn in FIG. 
8D, defects that are caused by the non-uniformity of a beam 
through interference occur in dotted form in a single beam 
spot. Further, defects-1 caused by the beam spot-1 and 
defects-2 caused by the beam spot-2 are located on the same 
lines, Which results from the fact that the beam movement 
direction is parallel With the direction of at least one of the 
multi-cylindrical lenses. In the case of a linear beam, to this 
results from the fact that the longitudinal direction of the 
beam is perpendicular to the direction of at least one of the 
multi-cylindrical lenses. 

The term “direction of a multi-cylindrical lens” as used 
above means the direction of straight lines that are formed 
at the focuses by light that is output from the multi 
cylindrical lens. That is, in FIG. 2A, the direction of the 
multi-cylindrical lens is the direction perpendicular to the 
paper surface. Further, the term “beam movement direction” 
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is a higher-rank concept and does not simply mean a spatial 
movement direction, because in ordinary laser annealing 
apparatuses the optical path is changed several times by 
mirrors in a path from a homogeniZer to an irradiation 
surface. 

Thus, When a substrate is processed by a conventional 
laser annealing apparatus, there occur defects arranged per 
pendicularly to the beam movement direction and defects 
arranged parallel With it as shoWn in FIG. 8D. The former is 
linear defects due to overlap of beams and the latter is 
defects due to non-uniformity in light intensity that is caused 
by interference. 

In particular, defects arranged in the horiZontal and ver 
tical directions are fatal to matrix devices (for instance, 
active matrix circuits and memory circuits) because defects 
occur on a certain roW or column and hence are easy to ?nd. 

In a liquid crystal display device, these defects are particu 
larly problematic When driver circuits are also formed on the 
substrate. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
problems in the art, and an object of the invention is 
therefore to improve the uniformity of annealing that is 
performed by irradiation With laser light. 

According to a ?rst aspect of the invention, the beam 
movement direction is not set parallel With the direction of 
any of multi-cylindrical lenses. According to a second aspect 
of the invention, in the case of using a linear beam, the 
longitudinal direction of the beam is not set perpendicular to 
the direction of any of multi-cylindrical lenses. 
The concept of the invention Will be described beloW With 

reference to FIGS. 9A—9E. For example, consider a homog 
eniZer having tWo multi-cylindrical lenses 4 and 5 as shoWn 
in FIG. 1. Conventionally, the direction of the multi 
cylindrical lens 4 is perpendicular to the beam movement 
direction as shoWn in FIG. 9B. On the other hand, the 
direction of the multi-cylindrical lens 5 is parallel With the 
beam movement direction. (Double-headed arroWs indicate 
the directions of the respective multi-cylindrical lenses 4 and 
5.) 

This type of con?guration has the problems as described 
above. In contrast, the invention provides, for instance, a 
con?guration in Which although the multi-cylindrical lens 4 
is disposed in the same direction as in the conventional case, 
the multi-cylindrical lens 5 is inclined so as not to be parallel 
With the beam movement direction (see FIG. 9A). This 
con?guration satis?es the requirement of the invention that 
none of the directions of the multi-cylindrical lenses are 
parallel With the beam movement direction. 

With the homogeniZer having the above con?guration, 
dot-like defects (defects-1 and defects-2) due to non 
uniformity that is caused by interference appear obliquely 
With respect to the beam movement direction as shoWn in 
FIG. 9C. In general, there is no inevitability that defects-1 
and defects-2 occur on the same lines. Therefore, no linear 
defects are formed. 

HoWever, attention should be paid to a special case in 
Which defects-1 and defects-2 occur on the same lines. This 
corresponds to a case Where the distance d betWeen the top 
of a certain one of straight lines representing dot-like defects 
(see FIG. 9D) and the bottom of some other straight line is 
0. In this case, dot-like defects are aligned obliquely. 

This problem occurs not only betWeen adjacent straight 
lines but also other apart lines; it is necessary to prevent the 
distance d from becoming 0 even in the case of FIG. 9E. 
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However, particularly in the case of matrices, since dot 
like defects on oblique straight lines are not parallel With the 
roWs and columns of a matrix, they seldom constitute 
apparent linear defects. 

The above discussion also applies in completely the same 
manner even if the term “beam movement direction” is 
replaced by another term “direction perpendicular to the 
longitudinal direction, i.e., the shorter-axis direction (of a 
linear beam).” The direction of the multi-cylindrical lens 4 
need not be perpendicular to the beam movement direction; 
it is suf?cient that the direction of the multi-cylindrical lens 
4 be not parallel With the beam movement direction. 
Therefore, a con?guration according to the invention can be 
obtained simply by rotating, around the optical aXis of laser 
light, a homogeniZer that has tWo orthogonal multi 
cylindrical lenses like the conventional homogeniZer, and 
can provide the advantages of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shoWs an optical system of a con 
ventional laser irradiation apparatus; 

FIGS. 2A and 2B schematically shoW optical paths of a 
multi-cylindrical lens and a resulting interference of the 
prior art; 

FIGS. 3A—3C, 4A—4C, 5A—5B, and FIGS. 6A—6B illus 
trate interference conditions of coherent light beams coming 
from a plurality of point light sources of the prior art; 

FIGS. 7A—7B shoW calculation formulae of optical path 
differences of light beams coming from a plurality of point 
light sources of the prior art; 

FIGS. 8A—8D illustrate hoW a conventional beam causes 
defects and hoW the defects are arranged, etc., of the prior 
art; 

FIGS. 9A, 9C—9E illustrate con?gurations of multi 
cylindrical lenses according to the invention, manners hoW 
defects occur, etc., and FIG. 9B illustrate a con?guration of 
conventional multi-cylindrical lenses, manners hoW defects 
occur, etc.; and 

FIG. 10 schematically shoWs an optical system of a laser 
irradiation apparatus according to a second embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiment 1 

An optical system according to this embodiment Will be 
described beloW. The basic con?guration of a laser irradia 
tion apparatus according to this embodiment is the same as 
that shoWn in FIG. 1 eXcept an angle around the optical aXis 
of the multi-cylindrical lenses of the homogeniZer. An 
original beam before entering the homogeniZer has a rect 
angular shape of 6 cm><5 cm. The folloWing description Will 
be concentrated on the homogeniZer. 

In the con?guration of this embodiment, the multi 
cylindrical lens 5 is composed of 12 cylindrical lenses each 
being 5 mm in Width and divides incident laser light into 
about 10 parts. 

In this embodiment, a linear laser beam that is ?nally 
applied has a longitudinal length of 12 cm. The direction of 
the multi-cylindrical lens 5 is set so as to form 45° With the 
beam movement direction. On the other hand, the direction 
of the multi-cylindrical lens 4 is set perpendicular to the 
beam movement direction (see FIG. 9A). 

The Width of a beam that is output from the homogeniZer 
is reduced, by the doWnstream optical system, by a factor of 
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1/25 into 0.2 cm in the beam movement direction and 
enlarged by a factor of 2 into 12 cm in the direction 
perpendicular to the beam movement direction, Whereby a 
linear beam is obtained. 

Embodiment 2 

FIG. 10 schematically shoWs a con?guration according to 
this embodiment. 

In this embodiment, rectangular laser light 801 output 
from a laser oscillator (not shoWn) is passed through or 
re?ected by multi-cylindrical lenses 802 and 803, cylindrical 
lenses 804 and 805, a mirror 806, and a cylindrical lens 807, 
Whereby it is shaped into linear laser light, Which is ?nally 
applied to an irradiation surface. 

The con?guration of FIG. 10 has a feature that the tWo 
multi-cylindrical lenses 802 and 803 are inclined by 45° 
from the beam movement direction and the longitudinal 
direction of the beam. (That is, the multi-cylindrical lenses 
802 and 803 are located orthogonally each other.) 

Although tWo multi-cylindrical lenses are used in this 
embodiment, three or more multi-cylindrical lenses may be 
used. 

As described above, the invention provides a technique 
capable of performing uniform annealing over a large area 
in laser irradiation processes that are used for manufacture 
of semiconductor devices, for instance. 
What is claimed is: 
1. A laser irradiation apparatus for irradiating With a laser 

light having a linear or rectangular shape, said apparatus 
comprising: 

a homogeniZer including at least one multi-cylindrical 
lens; 

a plurality of cylindrical lenses in said multi-cylindrical 
lens, 

Wherein a direction of said multi-cylindrical lens is not 
parallel With a movement direction of said laser light. 

2. An apparatus according to claim 1 Wherein said laser 
light is used for laser annealing of a semiconductor device. 

3. An apparatus according to claim 1 Wherein said laser 
light is used for processing a plurality of devices arranged in 
matriX form. 

4. An apparatus according to claim 1, 
Wherein said homogeniZer includes at least tWo multi 

cylindrical lenses, and 
Wherein said multi-cylindrical lenses are located perpen 

dicular to each other. 
5. An apparatus according to claim 1 Wherein said direc 

tion of said multi-cylindrical lens is a direction of straight 
lines being formed at focuses by said laser light Which 
outputs from said multi-cylindrical lens. 

6. An apparatus according to claim 1, 
Wherein said homogeniZer includes at least tWo multi 

cylindrical lenses, and 
Wherein one of said multi-cylindrical lenses makes an 

angle of 45° With respect the other of said multi 
cylindrical lenses. 

7. A laser irradiation apparatus for irradiating With a laser 
light having a linear shape, said apparatus comprising: 

a homogeniZer including at least one multi-cylindrical 
lens; 

a plurality of cylindrical lenses in said multi-cylindrical 
lens, 

Wherein a direction of said multi-cylindrical lens is not 
perpendicular to a longitudinal direction of said laser 
light. 
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8. An apparatus according to claim 7 wherein said laser 
light is used for laser annealing of a semiconductor device. 

9. An apparatus according to claim 7 Wherein said laser 
light is used for processing a plurality of devices arranged in 
matrix form. 

10. An apparatus according to claim 7, 
Wherein said homogeniZer includes at least tWo multi 

cylindrical lenses, and 
Wherein said multi-cylindrical lenses are located perpen 

dicular to each other. 
11. An apparatus according to claim 7 Wherein said 

direction of said multi-cylindrical lens is a direction of 

5 

1O 

12 
straight lines being formed at focuses by said laser light 
Which outputs from said multi-cylindrical lens. 

12. An apparatus according to claim 7, 

Wherein said homogeniZer includes at least tWo multi 

cylindrical lenses, and 

Wherein one of said multi-cylindrical lenses makes an 

angle of 45° With respect the other of said multi 
cylindrical lenses. 

* * * * * 


